Ovarian volume measurements have been recently shown to be predictive of response to ovarian stimulation. Women with small ovarian volumes, i.e. <3 cm 3 , have a higher incidence of cycle cancellation, together with a lower peak oestradiol concentration, lower number of retrieved oocytes, and lower pregnancy rates, compared with women with larger ovarian volumes. We prospectively investigated whether a higher dose, microdose flare gonadotrophin-releasing hormone (GnRH) agonist protocol, can improve IVF outcome in women with a small ovarian volume. Only the first IVF cycle was reviewed. In total, 109 women aged <40 years undergoing 109 cycles were prospectively evaluated. Women with an ovarian volume of ≤3 cm 3 noted on the day of luteal GnRH agonist administration had their stimulation regimen changed to a more aggressive microdose flare GnRH agonist protocol. In all, 30 women (27.5%) with an ovarian volume of <3 cm 3 , and 79 women (72.5%) with an ovarian volume of >3 cm 3 were compared. Women with an ovarian volume of <3 cm 3 had a significantly higher incidence of unexplained infertility as their presenting aetiology, compared with women with a larger ovarian volume (33 and 8.6%, P ⍧ 0.0036). There was a significant negative correlation between age and ovarian volume, and between day 3 FSH concentration and ovarian volume. We also report a significant positive correlation between body mass index and ovarian volume. There was also a significant positive correlation between ovarian volume and the number of oocytes retrieved. Despite a trend towards higher day 3 FSH concentrations, a significantly longer duration of stimulation, higher gonadotrophin requirements, and lower oocyte yield, the implantation and pregnancy rates were comparable between the two groups. Women with a small ovarian volume noted at baseline ultrasound can have comparable implantation and pregnancy rates to those with larger ovarian volumes with the use of a higher dose gonadotrophin, microdose GnRH agonist stimulation. 1996). However, all the previous investigations used standardized ovarian stimulation protocols, i.e. long luteal protocols. Ovarian volume has been shown to be predictive of response
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We prospectively evaluated the role of ovarian volume in our to ovarian stimulation in IVF (Syrop et al., 1995; Oyesanya IVF population. In addition, we changed the stimulation et al., 1995; Danninger et al., 1996; Lass et al., 1997; Tomas protocol from a long luteal gonadotrophin-releasing hormone et al ., 1997; Lass and Brinsden, 1999; Syrop et al., 1999) . In (GnRH) agonist protocol to a more aggressive microdose flare particular, women with a mean ovarian volume of ഛ3 cm 3 , or protocol if we detected a small ovarian volume at baseline women whose volume of the smallest ovary was ഛ3 cm 3 , ultrasound (day of proposed luteal GnRH agonist start). have a very high incidence of cycle cancellations, significantly lower number of retrieved oocytes and embryos obtained, and significantly lower pregnancy rates than women with an ovarian Materials and methods volume of Ͼ3 cm 3 (Syrop et al., 1995 (Syrop et al., , 1999 Lass et al., Population 1997 ). In addition, ovarian volume has been shown to be Data from IVF cycles in our university-based programme between predictive of women at risk of developing ovarian hyperstimuApril 1997 and October 1999 were analysed in this study. Exclusion lation syndrome (Oyesanya et al., 1995; Danninger et al., criteria included women aged ജ40 years, women with only one ovary, women with a basal FSH concentration of Ͼ12 IU/l, those with ovarian follicles Ͼ8 mm on baseline ultrasound, those with *Presented in part at the ESHRE 16th Annual Meeting, Bologna, Italy, June 25-28, 2000 visible endometriomata, women who had blastocyst or frozen embryo transfers, and donor oocyte-derived embryo transfers. Only the first Ultrasound and laboratory assays BMI ϭ body mass index; NS ϭ not significant.
Stimulation response was monitored with serial measurements of serum oestradiol and transvaginal ultrasonic evaluation of follicle number and size. All ultrasound measurements were performed using 
Statistical analysis
Clinical pregnancy rate per 45.8 43.5 NS embryo transfer (%) Data are expressed as mean Ϯ SD. The χ 2 , Mann-Whitney Rank sum, or Student's t-tests were used as appropriate; P Ͻ 0.05 was NS ϭ not significant. considered to be statistically significant.
FSH concentrations in women with small ovarian volume, and Results a significantly higher number of days of stimulation in the small ovarian volume group (P ϭ 0.05). There was a significant Table I shows the incidence of various infertility aetiologies. The incidence of unexplained infertility was significantly positive correlation between ovarian volume and the number of retrieved oocytes (P Ͻ 0.001). In addition, women with a higher in women with an ovarian volume of ഛ3 cm 3 compared with women with a larger ovarian volume (33 and 8.6%
small ovarian volume had a significantly lower number of retrieved oocytes compared with the group with larger ovarian respectively, P ϭ 0.0036). There was a significant negative correlation between age and ovarian volume (P Ͻ 0.001), and volume (P ϭ 0.03). The cycle cancellation rate did not differ between the two groups, despite a trend towards a higher cycle between day 3 FSH and ovarian volume (P Ͻ 0.001). In addition, there was a significant positive correlation between cancellation rate in the small ovarian volume group. The clinical pregnancy and implantation rates were comparable body mass index (BMI) and ovarian volume (P Ͻ 0.001). Tables II and III show the ovarian stimulation characteristics between the two groups and the miscarriage and ongoing pregnancy rates were also comparable. and cycle outcome. There was a trend towards a higher day 3 3.0 cm 3 . Patients were then divided into three groups according to their SD (Ͻ -1 SD, mean Ϯ SD, Ͼ ϩ1 SD). Women whose volume of the smallest ovary was Ͻ3 cm 3 (-1 SD; n ϭ 18) had the highest cancellation rate (22%). The cancellation rate was 0% in 26 cycles if the ovarian volume of the smallest ovary was Ͼ9 cm 3 (ϩ1 SD). The cancellation rate for the 144 cycles whose ovarian volume was 3-9 cm 3 was 14%. The authors also found a significant correlation between the number of retrieved oocytes, number of resulting embryos, and clinical pregnancy rate, and ovarian volume. The pregnancy rate decreased from 46 to 28% when the ovarian volume of the smallest ovary decreased from Ͼ9 to Ͻ3 cm 3 . If the total ovarian volume was used instead, the clinical pregnancy rate decreased from 50 to 31% between the women whose total Figure 1 . Clinical pregnancy rate per embryo transfer according to ovarian volume was Ͼ22 and Ͻ8.6 cm 3 . The authors did not ovarian volume divided in four groups (Ͻ3, 3-6, 6-9, and find a correlation between age and ovarian volume, but found Ͼ9 cm 3 ). There were no significant differences among the groups. a significant correlation between smoking and smaller ovarian volume (Syrop et al., 1995) .
A total of 279 women were prospectively evaluated (Lass There were a total of 16 cancelled cycles (14.7%), six et al., 1997). Exclusion criteria included women with only one (20.0%) in the Ͻ3 cm 3 group, and 10 (12.6%) in the Ͼ3 cm 3 ovary, women with partial oophorectomy, and if either ovary group (not significant, power only 12%). We also did not find contained a follicle/cyst of Ͼ10 mm in diameter. Women with any significant differences in implantation or clinical pregnancy polycystic-like ovaries were also excluded. In total, 140 women rates when we further subdivided the Ͼ3 cm 3 group into participated in the study. Again, the ovarian stimulation was 3-5.9, 6-9, and Ͼ9 cm 3 (Figure 1) . a standardized long luteal protocol. Ovarian volume were calculated the day of initiation of gonadotrophins, i.e. after Discussion down-regulation. The mean ovarian volume was 6.3 Ϯ 3.1 cm 3 , with a range 0.5-18.9 cm 3 . Group A (n ϭ 17) included those In this study, we found that women with a small ovarian volume have a significantly higher incidence of unexplained with mean ovarian volume Ͻ1 SD, i.e. Ͻ3 cm 3 . Group B (n ϭ 123) included women with a mean ovarian volume of infertility than women with a larger ovarian volume. It is important to note that all these women had normal basal Ͼ3 cm 3 . Unlike prior studies (Syrop et al., 1995; Tomas et al., 1997) , but similar to our results, Lass et al. found a significant FSH concentrations, and therefore small ovarian volumes are detected on ultrasound before the basal FSH concentrations negative correlation between age and ovarian volume, and 'very small ovaries were not seen only in older women but at become abnormal. Small ovarian volume can thus be included as a separate infertility aetiology that is easily diagnosed by all ages ' (Lass et al., 1997) , which we also noted in our patient population. Basal FSH, cycle cancellation, and number of ultrasound.
In agreement with most, but not all, prior studies (Syrop gonadotrophin ampoules were significantly higher in group A, and number of follicles and number of retrieved oocytes were et al., 1995; Lass et al., 1997; Tomas et al., 1997; Sharara and McClamrock, 1999) , we found a significant negative significantly lower in group A compared with B. The cycle cancellation rate was 52.9% in group A, compared with 8.9% correlation between age and ovarian volume, and between day 3 FSH concentrations and ovarian volume. We found a for group B (P Ͻ 0.0001). Of note, despite the significantly higher basal FSH in group A, all values were within the significant correlation between ovarian volume and the number of retrieved oocytes, confirming prior studies (Syrop et al., normal range. Unfortunately, no information can be deduced about the correlation between ovarian volume and pregnancy 1995; Lass et al., 1997; Tomas et al., 1997) . In addition, we are the first to report a significant positive correlation between rates, since both groups had low pregnancy rates (11.8 and 11.4%) (Lass et al., 1997) . BMI and ovarian volume.
Women with a small ovarian volume have been previously In a follow-up study, Syrop et al. retrospectively reviewed the first treatment cycle for 261 patients undergoing IVF shown to have a compromised stimulation response when standardized long luteal protocols are used. In a retrospective (Syrop et al., 1999) . A standard stimulation regimen was used for all women. Again, the volume of the smallest ovary was evaluation of 188 women undergoing IVF, aged 23-45 years (Syrop et al., 1995) , all women had their ultrasound examinaalso predictive of clinical pregnancy. When considered with age, smoking status, and ovarian volume, day 3 FSH values tion on day 23, before initiation of down-regulation with LA. Exclusion criteria included any follicles/cysts ജ15 mm and failed to be significant predictors of any ovarian stimulation outcome (Syrop et al., 1999) . We agree with Syrop's observaprior ovarian surgery. The volume of the smallest ovary and the total ovarian volume (right ϩ left ovarian volumes) were tion in that FSH concentrations tend to become abnormal with smaller ovarian volume. calculated. All women then underwent a standard long luteal protocol. Of the 188 cycles, 26 (14%) were cancelled for poor
All the above studies measured ovarian volume either on the day of GnRH agonist start or the day of gonadotrophin response. The mean (Ϯ SD) of the smallest ovary was 6.0 Ϯ start. Whether the ovarian volume measurements (and antral significantly longer duration of stimulation, higher gonadotrophin requirements, and lower oocyte yield. Identifying these follicle count) are altered in response to the short course of women before initiating ovarian stimulation is critical, and GnRH agonist was recently addressed (Sharara et al., 1999) . stimulation protocols should therefore be adjusted accordingly. Using 38 women as their own controls, we found no impact A small ovarian volume necessitates a change in stimulation of GnRH agonist on either ovarian volume or antral follicle protocol. The measurement of ovarian volume should become count. We recommend that baseline ultrasound measurements a routine, non-invasive, and early step in the infertility investishould be performed before, and not after, pituitary downgation. Larger studies are needed to confirm our findings. regulation to leave room for a change in the stimulation protocol (Sharara et al., 1999) . Antral follicle count is showing promise as a predictor of stimulation response (Fratarelli et al., References 2000; Ng et al., 2000) . We believe the combined use of antral Danninger, B., Brunner, M., Obruca, A. and Feichtinger, W. (1996) published studies (Syrop et al., 1995 (Syrop et al., , 1999 Lass et al., 1997 In conclusion, women with small ovarian volume noted at Tomas, C., Nuojua-Huttunen, S. and Martikainen, H. (1997) Pretreatment transvaginal ultrasound examination predicts ovarian responsiveness to baseline ultrasound can have comparable implantation and gonadotrophins in in-vitro fertilization. Hum. Reprod., 12, [220] [221] [222] [223] pregnancy rates to women with larger ovarian volume with the use of a more aggressive ovarian stimulation, despite a
